reasonably uniform. If the space is unusually large,
the use of facing clerestories or baffled skylighting will
average out the illumination in the space. Through
judicious use of natural daylighting (both north and
south light) different spaces can be lighted in a variety
of ways to suit the use and to accommodate the exposure. For instance, in an area reserved for general
storage which can use some heating through natural
solar means, a combination of passive solar heating
and direct sunlight would be tolerable. On the other
h~nd, lighting in an office space must consider
maintenance of lighting at contrast levels of less than 2
to 1, a maximum of 200 footcandles or less.
In considering daylighting design for any building,
it should be kept in mind that relatively even illumination in the working space must be maintained during
operational hours. This usually means that some artificial lighting must be installed to aid the natural
daylighting available to provide lighting during nondaylight hours. The location of artificial lighting fixtures should be placed to boost only those areas where
additional lighting is required. The use of the concept
of task lighting both for natural daylighting and artificial lighting should be considered, in order that a
minimum amount of energy be expended for general
lighting. If the space is to be used during other than
daylighting hours , the artificial lighting task should be
considered with minimum acceptable lighting levels.
This artificial lighting should also be arranged in such

a manner as to allow a variation in the artificial levels
to match variations which will occur in the daylighting levels. "Storage" of energy for solar heating can be
accomplished but such storage of light cannot be accomplished. This supplementary artificial lighting
then is most efficiently used when it is compatible with
and complementary to the designed daylighting. Control of the artificial lighting to provide the complement and boost to daylighting can be accomplished in
its simplest form through proper switching or through
more sophisticated means of automatic control.
Systems are presently available, on the market, that
can either control the intensity of artificial lighting by
automatic sensing of the daylighting available or can
control certain areas of artificial lighting to serve a
complementary light to natural daylighting at all
times .
In summary, daylighting design can be most efficiently used when the conditions available for natural
daylighting are considered initially in orientation of
the building and when architectural features such as
clerestories, north facing fenestration , screenwalls,
properly located skylights, etc. Proper use of reflecting
and diffusing surfaces, high transmission glass, special
and orientation of openings and balance of natural
and artificial lighting sources, can produce a building
that can be energy efficient for heating and cooling
while utilizing a minimum of energy expenditure for
W.D.P.
lighting

UNIVERSITY ENERGY INSTITUTES

by Dr. James D. Dritt

The New Mexico Energy Institutes .at the University
of New Mexico (Albuquerque) , New Mexico State
University (Las Cruces) , and the New Mexico Institute
of Mining and Technology (Socorro) officially inaugurated a formal New Mexico Energy Research and
Development program in June 1976. The 1974 Legislature, spearheaded by Mr. Bob Grant, created the opportunity for this arrangement by allocating $2
million annually for an energy R&D program.
The proposed intent of this unique arrangement between state government and the universities through
the Energy Institutes was to take advantage of and
utilize the available expertise at the universities to address fuel and energy problems of New Mexico and
seek solutions for the benefit of the citizens of New
Mexico.
The first problem facing this program of the New
Mexico Energy Resources Board (ERB) was, what
university was going to do what energy research work?
this was "solved" by dividing energy into convenient
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categories and assigning each university specific
research areas as follows:
UNM
Conservation
Nuclear Fuel Cycle
Synthetic Fuels
Socioeconomic Impacts

NMIMT
NMSU
Coal
Solar
Enhanced Oil
Wind
Biomass
Recovery
Geothermal Oil
Gas

And, in June 1976, in an atmosphere of anticipation
and excitement, with all territories distinctly marked,
the New Mexico R&D program was launched. The
"staff' at each institute consisted of a Director and a
secretary as follows: UNM, Mr. T. T. Sishman;
NMSU, Dr. R. L. Sam Martin; NMIMT, unnamed.
By January, 1977, as the Institute struggled to life, it
became apparent that Institute activities at UNM were
taking three separate tracks: 1) individually instituted
energy research projects by university personnel , 2)
directed research programs by the ERB, and 3)
technical assistance programs conducted in support of
the state Energy Conservation Office .
The first track was the traditional one whereby the
directors of all the institutes contacted individual professors, deans, and others statewide in an attempt to
generate activity and interest in participating in the R
& D program. This PR effort was fairly successful in
generating some first round proposals in August 1976
and early 1977. Peer review of each proposal, arranged by the Institute director, would be followed by In stitute Advisory Board (lAB) review. A consensus
funding recommendation would be presented to the
Energy Research and Development Review Committee (ERDRC) . Final funding recommendations would
be presented to the ERB and the Administrator would
authorize appropriate programs. Then a proj ect could
get started.
Overall, this proposal review procedure, even
though cumbersome, did result in the conduct of many
successful and significant research projects at all the
Energy Institutes in all energy areas.
The second track of research projects involved those
directed by the ERB. Not all the energy research needs
of the state could be satisfied by responses to calls for
proposals. The Administrator (and later the Secretary)
of the ERB would, therefore, occasionally direct an institute to undertake a particular specified research activity. In such instances, it was up to the institute
director to seek out the necessary expertise either
within or outside the university system , solicit their
participation, and direct the total program effort.
This technique resulted in several significant programs. For instance, the governor used this method to
establish an energy information outreach program
which later proved to be one of the foremost and successful programs in the nation.
The third track, that of technical support to the
state's energy conservation efforts, proved to be one of
the most significant of all energy activities. The impetus which really started this activity originated with
federal legislation known as the ECPA and EPCA acts.
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These public laws required the states to undertake certain activities in the area of energy conservation, such
as right turn on red and the adoption of an energy conservation building code .
While the state was required to do these various
conservation items during late 1976 and 1977, there
was no state-level in-house capability or technical support to conduct projects such as developing and conducting a building code training program for all
building officials statewide, or developing energy
audit procedure workbooks for public schools and office buildings, or developing a computerized annual
energy simulation program for commercial and
residential buildings. Consequently, the state turned
to the energy institutes for assistance, who responded
positively and enthusiastically to their requests. At the
EI at UNM, about a dozen specific projects were identified in early 1977 and proposals were developed, submitted, and approved. The successful execution of this
concept was the key which resulted in the most benefit
to the citizens of New Mexico as well as propelling
New Mexico to the forefront of national energy activities. By late 1971 and 1978, New Mexico led the nation in a variety of energy endeavors, and New Mexico
was widely recognized and accepted as being a national leader of energy programs.
Another assistance project undertaken by the EI at
UNM involved providing technical support to the
Energy Extension Service (EES) in addition to
developing energy outreach materials for public use.
The EI at UNM developed the proposal for the state to
submit to DOE for a pilot EES program grant and
New Mexico was selected as one of the ten pilot states.
Other research was also developed. Under the
leadership of Governor Jerry Apodaca, state officials
agreed in September 1976 to adopt the proposed
Chapter 53 of the Uniform Building Code (UBC)
published by the International Conference of Building
Officials (ICBO). Implementation was scheduled for
Jul y 1, 1977. It was recognized, however, that the
strict interpretation of the code would jeopardize certain traditional and innovative construction techniques unique to New Mexico. Therefore, this action was
taken with the proviso that research would be undertaken to study the code and devise methods for implementing the provisions of the code specifically for
New Mexico. Another stipulation was that a training
program be developed and presented to building officials throughout the state prior to the code implementation date.
R&D projects funded by the ERB were immediately initiated through the Energy Institute at UNM.
These projects were to focus on innovative concepts
which would specifically address the shortcomings of
the code , and advance the technological state-of-theart in heat transfer and energy conservation.
An analysis of the difficulties of implementing the
energy conservation code in New Mexico resulted in
the conclusion that the key was a failure to distinguish
between the steady-state U values of different
materials and their dynamic performance. The problem with the method using steady-state, laboratory U
values is that it does not consider or reflect diurnal
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temperature cycles, solar radiation, mass effect, thermal storage, re-radiation to the night-black sky, or
wind conditions. Therefore, the main thrust of the
research centered on New Mexico's varying climatic
regions (from low arid desert to high Canadian alpine)
characterized by large diurnal temperature differences
and a very high incidence of solar radiation. The
research objective was to establish a quantitative basis
for the incorporation of the basic concept of solar flux
through windows and onto walls into architectural
design. The proposed strategy was to replace steadystate U values, with "effective U values" or (vermeer
value) which characterize the synamic performance of
various wall types. In essence, the effective U value,
which takes into account solar input and timedependent boundary conditions, is the ratio of the
average heat flux on the inside surface of the wall over
an extended period of time to the average temperature
difference between inside and outside over the same
time interval.

The effective U values led to a better understanding
and documentation of the performance characteristics
of building components in the climatic regions of New
Mexico. Most important, the research pointed the way
toward Implemerving the energy conservation code
through utilizat.. , of dynamic performance-based
criteria under certain specified conditions.
Effective U values for 26 different wall types in 11
climatic regions of New Mexico were tabulated and
disseminated throughout the state.
While energy conservation codes specifically address new buildings, this new methodology would provide a great deal of insight on all existing buildings and
could be applied in relation to energy consumption
data, energy audit capability, and developing retrofit
opportunities. Once the performance characteristics of
building components were thoroughly understood and
documented, a realistic cost/benefit life cycle analysis
of retrofit actions could be recommended.
Initial implementation of the energy conservation
code throughout New Mexico was the goal of a statewide training program conducted for all building officials during the month of June 1977.
The development of an Energy Conservation Code
Applications Manual by the Institute (funded by the
ERB) served as the nucleus of the training program

and provided a working reference document. The subject matter was developed as follows:
Part I - What you need to know about ENERGY
FUNDAMENTAL - general knowledge about
energy and heat transfer with emphasis on certain factors of energy conservation in buildings,
l.e., heat measurement, heat flow, heat loss.
Part II - What does the CODE mean? - information on what the code regulates, and how.
Part III - APPLICATIONS of the Code - how
the code is applied by all elements of the construction industry.
Appendices - charts, graphs, and reference data
are consolidated into tabular form based on New
Mexico climatological areas.
To complement the normal extensive reporting of
research project results, the Institute briefed the New
Mexico public on this research breakthrough at public
hearings conducted by the Energy Resources Board. In
addition, special briefings for key officials of what is
now the Department of Energy as well as several State
officials , were held in Washington, D. C., during the
month of May 1977. The results of the research on effective U values were also introduced and discussed at
the June 26-28 Public Meeting for 16 western states,
conducted by the Energy Research and Development
Administration in Phoenix, Arizona. Key members of
the National Conference of States on Building Codes
and Standards (NCSBCS), ICBO, Local members of
VA, FHA, HUD , and FEA, were also briefed on the
training program as well as the Applications Manual
and the use of the effective U value concept.
Energy conservation in buildings was further addressed by developing such materials as Class C
Energy Audit Workbooks (TEEM) for nine different
categories of buildings plus residential, an on-site
(Class A) residential energy audit procedure utilizing a
microprocessor, a Class B (or A) residential annual
simulation computer program (a first in the nation)
which was used extensively in support of the EES program, and conducting computer analysis on commercial buildings utilizing DOE 1 and 2, BLAST,
NVSLD, and AXCESS computer programs.
The range and scope of all the projects cannot be
described within the bounds of this article. If the
reader desires to learn more about all the programs
and the publications resulting therefrom, two
documents are available which describe these
materials in detail. They are:
1. New Directions in Energy Research and Information and
2. List of Projects and Project-Related Publications
at the New Mexico Energy Institute at The
University of New Mexico.
The institute and/or EMD probably would be happy
J.D.D.
to respond to your request.
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